This paper advances the study of Fiordelisi and Molyneux (2010) by examining the shareholder value efficiency and its determinants for a large sample of Japanese banks between 1999 and 2011. A new, specifically tailored measure of the Economic Value Added approach, based on the shadow price of equity, is developed in order to account for specific characteristics of the Japanese banking system. This new ''shareholder value measure'' is then used in a dynamic panel data model as a linear function of various bank-risk, bank-specific, and macroeconomic variables. This study finds that cost efficiency gains, credit risk and bank size are the most important factors in explaining the shareholder value creation in Japanese banking. Cost efficiency changes are also found to significantly influence cost of equity capital.
Introduction
The Japanese banking sector is one of the most important banking sectors worldwide. As a consequence, there is a well-established and growing literature that focuses on various factors that influence the performance of banks in Japan (see for example, Altunbas et al., 2000; Drake et al., 2009; Barros et al., 2012) . The recent focus on the performance analysis of Japanese banks has predominantly been motivated by the complex economic environment in which these banks operate. Macroeconomic stagnation in the last two decades, combined with uncontrolled credit expansion, lack of capital and the extremely large volumes of non-performing loans, caused severe financial crises in the Japanese economy (Caballero et al., 2008) . It is, therefore, not surprising that the performance analysis of Japanese banks continues to receive academic interest.
A large number of papers (Berger and Mester, 2003; Athanasoglou et al., 2008; Brissimis et al., 2008; Lepetit et al., 2008; Liu and Wilson, 2010) focus on bank profits by analyzing the impact of a wide range of factors (bank-specific, industry-specific and macroeconomic). However, the notion of ''profitability'' (usually measured by the Return on Assets -ROA and Return on Equity -ROE) is insufficient to assess bank stability since it does not consider the level of risk-taken. Specifically, the interpretation of high profitability ratios is ambiguous: it can both be interpreted as a signal of bank soundness or as a consequence of a high risk taking.
While there is a well-established and growing literature that focuses on the various factors that influence the performance of banks, only a handful of studies use value creation metrics as a performance indicator. Only a few studies have sought to link measures of bank productive efficiency to shareholder value and generally found a positive relationship. Fiordelisi (2007) developed a new measure of shareholder performance, where a bank producing the maximum possible Economic Value Added is defined as ''shareholder value efficient''. Beccalli et al. (2006) examined the relationship between stock returns and various efficiency measures, generally finding a positive link between return and improvements in efficiency. This paper is motivated by all the above considerations. The aim is to extend the literature through examining Japanese banks shareholder value efficiency and its determinants by offering three important contributions. First, in this study we use a Stochastic Frontier model that accounts for risk (and NPLs) and asset quality factors in measuring and analysing the shareholder value efficiency of Japanese banks. This is an important contribution, since most studies that examine bank efficiency in Japan mainly apply nonparametric methods represented by DEA (see for example, Fukuyama, 1993; Drake and Hall, 2003) . Altunbas et al. (2000) paper is one of the few studies that applied a parametric method for measuring Japanese bank efficiency. The literature clearly discusses that NPLs are an undesirable by-product and that ignoring them might lead to biased conclusions (Fukuyama and Weber, 2008; Barros et al., 2012) .
Secondly, we provide a shadow price of equity as a measure of cost of capital. We posit that the use of simple stock returns as a measure of shareholder value may be overstated and misleading. This novel measure of shadow price of equity enables us to include both listed and non-listed banks in our analysis.
Thirdly, we analyse a broad range of factors impacting on the shareholder value creation in Japanese banking by empirically testing the causality of these factors in the value creation process. We also take into account the trade-offs between various efficiency measures (i.e. cost, revenue, profit and shareholder efficiency). Contrary to the existing literature, which focuses on the relationship between shareholder value and just one type of bank-specific determinant (i.e. bank efficiency), we examine multiple factors that may influence shareholder returns (such as bank's risk-taking, cost of capital, macroeconomic conditions, etc.). 1 Lastly, we also contribute to the banking literature on Japan by using recent data and focusing on an interesting period characterized by restructuring and consolidation. We use a unique dataset from 1999 to 2011, which enables us not only to examine the differences in bank shareholder efficiency between various bank types, but also to check for shareholder value trade-off between listed and non-listed banks.
Japanese banking system -an overview
Recapitalization, the continuous consolidation process of the financial market and the never-ending financial crisis has been widely discussed in academic literature (see for example, Fukao, 2007; Hoshi and Kashyap, 2010) . Overall, in the last two decades we can distinguish three crisis phases in Japan. The first phase of the crisis occurred during 1991-1997 and was characterized by the bubble burst and the beginning of gradual and reluctant interventions by the Japanese government. During the second phase, 1997-1999, which saw the almost total collapse of the Japanese financial market, the government finally accepted the true extent of the crisis and implemented more systematic measures to address extreme credit squeeze and a sharp growth contraction. Finally, the period 1999-2003 was characterized by intensive consolidation of the banking sector, but the problems of credit misallocation and economic stagnation continued. Evidence on the performance of the Japanese banking system after the long economic downturn and various recessions during the last two decades is somewhat mixed. Few studies found gradual improvements in profitability of Japanese banks as a result of these phases (see for example, Loukoianova, 2008; Liu and Wilson, 2010) , while other studies explain the persistently poor performance with a continuous deflationary macroeconomic environment, low margins charged on loans and high labor costs (Oyama and Shiratori, 2001; Kashyap, 2002; Hattori et al., 2007) . As a result new measures were introduced in recent years on further normalization of the non-performing loan problem (for example, 2004 Financial Reform Program; ban on pay-offs lifted in 2005), and additional measures to stabilize the financial system (for example, Financial Functions Strengthening Act; and Deposit Insurance Act amendments in 2013).
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According to BIS Quarterly Review (2013) Japanese banks are back to being the largest international lenders, when at the endMarch 2013 Japanese banks' share in the consolidated international claims of all BIS reporting banks rose to 13%, followed by the US banks with a 12% and German banks at 11%.
3 Similarly, in the Japanese domestic market, banks still play a dominant role in the Japanese financial markets, where in 2009 banks' share was 64.9% of the total fund-raising and 64.2% of the total loan. The Japanese financial systems consist of both public institutions (namely, government financial institutions, joint corporations by local governments, development banks, etc.) and private institutions (deposit taking institutions and other financial institutions). The Japanese banking sector essentially consists of a dozen major and internationally oriented banks and more than a hundred much smaller regional banks. More specifically, city banks are typical large universal banks with international exposure and they provide a wide range of banking services, including retail, corporate and investment banking services to the large companies in Japan. Regional banks are divided into two associations, the Regional Bank Association of Japan and the Second Association of Regional Banks. The Regional Bank Association and the Second Association of Regional Banks are smaller in terms of the asset size and market share, and tend to focus on retail banking to small and medium sized companies at the regional level. Panel B) shows the proportion of NPLs, indicating that the NPL ratio peaked in the end of 2001 at 9% for the Second Association of Regional Banks and 8.7% for City banks. Furthermore, we can also see that the Regional Bank Association and Second Association of Regional Banks showed the highest proportion of non-performing loans in the period 2001-2012. It is important to note that even though the ratio of total loans to NPLs remains twice higher for smaller Regional banks, overall levels of NPLs are several times lower compared to the starting point.
Empirical approach
The shareholder value concept is based on the work of Marshall (1890), but later modified for the banking industry in Europe by Fiordelisi (2007) , and Fiordelisi and Molyneux (2010) . However, such a concept can only be adopted for publicly traded companies and this creates limitations for evaluating the value creation in 1 Failure to accommodate for various distortions in Japanese economy might lead to biased results (Hoshi and Kashyap, 2010) .
2 For more info, please see Deposit Insurance Corporation of Japan.
3 This marks a return of Japanese banks to the position that they held in late 1980s, when Japanese banks' share of the cross-border claims of all BIS reporting banks peaked at no less than 36% in 1989. For more info please see BIS Quarterly Review, September 2013. 4 For more information on the market structure, please see Bank of Japan. 5 For more information, please see Casu et al. (2006) . 6 Due to specific focus of Trust banks and Long Term Credit banks as special institutions within Japanese financial system, their very small number (compared to the other bank types in our sample) and market share, we do not include them in our analysis.
Japanese banking, as only a relatively small number of quoted banks exist. Therefore, we follow the aforementioned studies to some extent but differentiate in the way that we calculate cost of capital for both listed and non-listed banks to achieve a comprehensive assessment of the value creation process in the Japan. As defined by Fiordelisi and Molyneux (2010) , a common measure of shareholder value creation is Economic Value Added (EVA), defined in our case as the Yen surplus value created by a bank on its existing investments. EVA (as defined in the Eq. (1)) is calculated as the difference between an ''economic measure'' of the bank net operating profits after taxes (NOPAT) and a capital charge over the same period, i.e. the product of invested capital at time t À 1 (CI) and the estimated cost of capital (k)
We estimate the economic profits by following the procedure proposed by Fiordelisi (2007) that accounts for banking specific features. Bank economic profits are obtained by adjusting accounting net operating profits to deal with various distortions (i.e. adjustments covering loan-loss provisions, loan-loss reserves; general risk reserves; R&D expenses and operating lease expenses). Regarding the second component, we estimate the cost of equity as the shadow price of equity. As noted by Hughes and Mester (2013) , the shadow price of equity will equal the market price when the amount of equity minimizes cost or maximizes profit, but even when that is not the case, the shadow price nevertheless provides a measure of its opportunity cost. We estimate this measure estimating the bank cost (TC) function including the level of Equity (E) as a fixed input: this enables us to measure of the shadow cost of equity capital as:
where, the subscripts i and t refer to the bank and the time period, respectively. Following Battese and Coelli (1995) we estimate the cost function using the translog functional function (for more info on the estimation please see Appendix A). As such, the shadow cost of equity is a measure of how much banks are willing to pay for equity since it indicates the amount that they would save in other costs as a result of an increase in the level of equity.
Regarding the third component, we estimate the invested capital as the total equity calculated following the Basel II definition: specifically, we calculate the invested capital as the sum of the primary bank capital (i.e. total equity plus disclosed reserves) and the secondary bank capital (i.e. the sum of undisclosed reserves, general loss reserves, subordinated term debt).
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In order to investigate the determinants of shareholder value in Japan we specify a linear model of bank performance, as is found in the established empirical literature on the determinants of bank performance (e.g. Athanasoglou et al., 2008; Brissimis et al., 2008; Fiordelisi and Molyneux, 2010) . We estimate the following model where the bank's shareholder value is a function of various bank-risk exposure, bank-specific and macroeconomic-variables:
where, i subscript denotes the cross-section dimension, t denotes the time dimension. The bank-specific variables include: bank's shareholder value variable (y) which is calculated as a ratio between the EVA and capital invested in the bank, net operating profits and the cost of capital (part of the EVA); cost and revenue efficiency changes over two consecutive periods (x-eff and s-eff respectively); risk-specific factors include: (CR) is an aggregate measure of bad loans, (LIQ) is an aggregate measure of liquid assets; (MR) is a market risk indicator. Other bank-specific indicators include: (ID) is an income diversification measure 9 ; (BAS) is bank asset size; and ln (NOE) is the natural logarithm of the number of employees. Finally, ln (GDP) is the natural logarithm of GDP growth; INF is the natural logarithm of the rate of inflation, and e i,t is the random error term. A detailed summary of the all variables used for the empirical investigation is provided in Table 2 .
Regarding the first potential driver of shareholder value creation, we recognize that efficiency is likely to have an impact on bank performance (e.g. Berger and Mester, 2003; Beccalli et al., 2006; Fiordelisi and Molyneux, 2010) . Cost, revenue, alternative profit and shareholder value efficiency levels are estimated using the Stochastic Frontier approach. These measures are used as covariates in the regression for shareholder value. Along with the established literature (e.g. Salas and Saurina, 2003; Athanasoglou et al., 2008) we assume that bank's risk-taking has a significant influence on the ability to generate returns. We focus on various types of risk, but more specifically, we control for the quality of the loan portfolio through the measurement of credit risk, liquidity and market risk exposure via aggregated liquid assets and various securities respectively. We believe that credit risk represents long-term bank exposure at bad loans, which take time to reflect and/or reduce on the balance sheet, while liquidity and market risk are seen as short term and can change in relative short period. Furthermore, we follow Berger et al. (2010) and measure bank income diversification, to assess the link between performance and diversification. Additionally, the variables called bank assets size and number of employees are indicators of the size and space dimension for each bank. We opt out to use traditional measure of size (i.e. assets) and non-conventional measure of space dimension (i.e. number of employees) in order to better account for large differences in size and labor force across Japanese banking industry. Finally, as proposed by various studies (e.g. Salas and Saurina, 2003; Brissimis et al., 2008) , we include some macro-economic variables as covariates in our analysis as control variables. These include annual real GDP growth to take account of business cycle effects and the inflation rate in order to control for the stance of monetary policy.
We assume that for any bank risk or bank specific factor to have influence on the value creation process introduction of time through small number of lags is necessary.
10 However, the introduction of a lagged dependent variable among the predictors might create complications in the estimation as the lagged dependent variable is correlated with the disturbance (even under the assumption that e i,t is not itself correlated). In order to tackle this problem we use the Generalized Method of Moments (GMM) estimators developed for dynamic panel models (Arellano and Bover, 1995; Blundell and Bond, 1998) . Specifically we use the two-step system GMM Table 6 The relationship between shareholder value and its determinants. Table 6 reports the results derived from the estimation of Eq. (3) to disentangle the inter-temporal relationships between bank EVA and its determinants. We estimate autoregressive models with two lags for the EVA, efficiency and risk variables. We use the two-step GMM estimators developed by Blundell and Bond (1998) with Windmeijer (2005) corrected standard error (reported in brackets). We use three different measures of EVA: ratio between the EVA and capital invested in the bank (y), net operating profits (p) and the cost of equity capital (k). Explanatory variables are defined in Table 2 . The Hansen test of over-identifying restrictions for the GMM estimators: the null hypothesis is that the instruments used are not correlated with the residuals so the over-identifying restrictions are valid. Arellano-Bond (AB) test for serial correlation in the first-differenced residuals. The null hypothesis is that errors in the first difference regression do not exhibit second order serial correlation. The symbols ⁄ , ⁄⁄ , and ⁄⁄⁄ represent significance levels of 10%, 5% and 1% respectively. 10 Similar to previous studies (e.g. Berger and De Young, 1997; Williams, 2004) we assume that three and four lags model do not significantly differ from each other, so we opt for a small number of lags to accommodate for our somewhat small sample size.
estimator with Windmeijer (2005) corrected standard error. For robust statistical inference, we also report the statistics for the Hansen test of over-identifying restrictions, and the second-order autocorrelation test of no second-order autocorrelation in the error term (Hansen, 1982) .
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Finally, for a robustness checks we disentangle our dependent variable, EVA, into its two main components [i.e. bank net operating profits (NOPAT) and the estimated cost of capital (k)] which we then use as dependent variables in the model 3 in order to investigate whether profits or the cost of equity are influenced by similar factors.
Data and empirical results
The data used in the empirical analysis was drawn from the Bank of Japan and the Japanese Bankers Association with particular focus on commercial banks between 1999 and 2011. Table 3 reports the breakdown by bank type of the number of observations and asset size of the banks included in the sample.
12 Overall, our sample comprises 1643 bank observations. The City banks are the biggest on average by asset size, whereas the Regional banks group has the largest number of institutions in total. Table 4 , reports the estimated cost of equity across the designated time period in comparison to various benchmark measures, such as City banks vs. Regional banks. At the sample mean, the shadow price on equity (i.e. the negative log derivative of the cost function) is between 2.8% and 6.1%. For the City banks, the cost of equity over time is significantly negative. These results are in line with Uchida and Tsutsui (2005) , but might also be due to the fact that the profits of many banks were low or negative in these periods. Furthermore, the banks' use of equity capital does not interact significantly with the marginal cost of loans in the sample, but it does correlate negatively with the price of borrowed funds, and it has reacted strongly with the passing of time. All of the variables involving the level of equity impact significantly on costs. Lastly, if we divide the sample as listed vs. non-listed banks, the differences between two subgroups are even greater. Specifically, cost of equity for non-listed banks is double the cost of the listed banks (see Fig. 1 ). This could be the direct result of bad lending practices and government subsidies for larger banks. Table 5 reports our mean shareholder value, cost, revenue and profit efficiency estimates by bank type and by listed banks. Over the period analyzed the range of efficiency levels appears to be Table 7 The relationship between net operating profits (and cost of equity capital) and its determinants.
Dependent variable Table 7 reports the results derived from the estimation of Eq. (3) to disentangle the inter-temporal relationships between bank EVA and its determinants. We estimate autoregressive models with two lags for the EVA, efficiency and risk variables. We use the two-step GMM estimators developed by Blundell and Bond (1998) with Windmeijer (2005) corrected standard error (reported in brackets). We use three different measures of EVA: ratio between the EVA and capital invested in the bank (y), net operating profits (p) and the cost of equity capital (k). Explanatory variables are defined in Table 2 . The Hansen test of over-identifying restrictions for the GMM estimators: the null hypothesis is that the instruments used are not correlated with the residuals so the over-identifying restrictions are valid. Arellano-Bond (AB) test for serial correlation in the first-differenced residuals. The null hypothesis is that errors in the first difference regression do not exhibit second order serial correlation. The symbols ⁄ , ⁄⁄ , and ⁄⁄⁄ represent significance levels of 10%, 5% and 1% respectively. 11 We also check for stationarity by applying Fisher's type unit root test for unbalanced panel data , as developed by Maddala and Wu (1999) . 12 We account for the vast majority of operating banks in the observed period (Table 3) , from the overall sample of commercial banks available from Japanese Bankers Association.
wider than existing studies on commercial banks. More specifically, mean cost inefficiency estimates range between 3% (City banks) and 5% (Regional banks II) and these results are generally higher than existing studies on Japanese banking (i.e. Drake and Hall, 2003; Altunbas et al., 2000) . Further, mean revenue efficiency estimates range between 90% (City banks) and 94% (Regional banks II). The profit efficiency scores over the sample period appear typically in line with those found in other studies on commercial banks (i.e. Drake et al., 2009) , with a mean value of 80% for the full sample and a minimum value of 68% for city banks, which appear to be the least profit efficient bank type in our sample. The results also show that non-listed banks are more efficient then listed banks, which is to be expected due to their somewhat limited access to capital.
Furthermore, shareholder efficiency scores range between 58% (City banks) and 60% (Regional banks). Interestingly, on average it can be seen that Japanese banks squander more than one third of their potential shareholder value between 1999 and 2011. This is also true across different bank types. Similarly, listed institutions show no improvement to non-listed ones, indicating that banks in Japan could create at least 40% greater shareholder value for their owners if they operated at best-practice. These results just emphasize the enormous influence of bad loans on the efficiency and shareholder value in Japanese banking.
Lastly, Tables 6 and 7 report the results obtained from estimating the EVA and its components as dependent variables. Focusing on the Table 6 , we notice that various factors have been found important in driving the shareholder value up. Namely, the shareholder value measure has been positively related to the cost efficiency and credit risk in the main model, and macroeconomic indicators in the reduced models (at the 10% level or less), while negatively related to the bank size, income diversification and revenue efficiency (at the 10% level or less). Some of these results are in line with the existing literature on European banking, namely Fiordelisi and Molyneux (2010) , where results confirm that cost efficiency gains are driving the shareholder value. Other results are quite novel and unexpected. Bank assets size (in the main model 1) and revenue efficiency improvements (in the reduced model 3) are negatively linked to the EVA models and this might require special attention from the future studies. A possible explanation why larger banks have lower value creation might be that the size improvements are subsidized via shareholder value, implying that some banks might be involved in the empire building while other banks possibly belong to larger business groups (keiretsu) and therefore follow their own agenda.
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Our estimates for net operating profits, in Table 7 , are positively related to the number of employees (in both the main and in the reduced model 3) and cost efficiency, liquidity and market risk exposure (in reduced model 2), while negatively related to revenue efficiency improvements (in both the main and in the reduced model 3). Some of these results are in line with Fiordelisi and Molyneux (2010) , and they also further highlight the importance of risk management in banking in achieving higher profit rates. Regarding the net operating profits' positive link with the liquidity and market exposure, we can conclude that Japanese banks benefit greatly from the higher level of liquid assets and greater involvement in the financial markets. Additionally, the negative link between revenue efficiency gains and profits, cannot be properly assessed without considering how quickly actions pays-off and other externalities that might be affecting the relationship (such as higher cost of capital, bad lending practices and government interventions).
Various factors are found to be statistically significant drivers for the cost of equity capital. Namely, bank assets size and a 2-year lagged credit losses are found to have a positive impact on the implied cost of capital (Table 7 , models 4 and 6), potentially indicating continuously poor loan portfolio quality as a result of rather complex governance structure (consistent with Chen et al. (2009) ). In contrast, liquidity and market risk exposure are found to have a negative effect on the cost of capital, and only further confirm the trade-off between profits and equity cost via liquidity and market exposure. Another interesting result is that lower cost efficiency gains could be driving the cost of equity capital up.
Regarding the bank specific factors, there is a negative relationship between bank asset size and EVA, indicating that the smaller banks appear to have a higher value creation. It is also found that the EVA is not influenced by higher number of employees, potentially indicating that shareholders in Japan do not benefit from practices that concentrate on lowering the number of employees (significance at the 10% level or less). Furthermore, we also find that operating profits can be improved if further labor force is employed. Table 8 reports the results derived from the estimation of Eq. (3) to disentangle the inter-temporal relationships between bank EVA and its determinants. We estimate autoregressive models with two lags for the EVA, efficiency and risk variables. We use the two-step GMM estimators developed by Blundell and Bond (1998) with Windmeijer (2005) corrected standard error (reported in brackets). We use three different measures of EVA: ratio between the EVA and capital invested in the bank (y), net operating profits (p) and the cost of equity capital (k). Explanatory variables are defined in Table 2 . The Hansen test of over-identifying restrictions for the GMM estimators: the null hypothesis is that the instruments used are not correlated with the residuals so the over-identifying restrictions are valid. Arellano-Bond (AB) test for serial correlation in the first-differenced residuals. The null hypothesis is that errors in the first difference regression do not exhibit second order serial correlation. The symbols ⁄ , ⁄⁄ , and ⁄⁄⁄ represent significance levels of 10%, 5% and 1% respectively. 13 For more info on the Japanese business group affiliations and their strengths, please see Aggarwal and Dow (2012).
Robustness checks
In order to further confirm the aforementioned findings, we conduct some additional robustness checks. Firstly, we assess various alternative models with a smaller number of parameters by using only one regressor of changes in efficiencies (rather than all of them). Tables 6 and 7 show that our estimated coefficients and their significance for the three main models (shareholder value, net operating profits and cost of equity capital) are consistent with those from reduced models, yielding almost the same signs and magnitudes.
Secondly, in order to further confirm our results we test for sensitivity to the type of efficiency measure adopted and replace cost and revenue efficiency variables with the profit efficiency measure. As shown in the Table 8, our findings are consistent across various efficiency measures. For example, only actions directed to increase cost efficiency display a positive impact on EVA, while revenue and profit efficiency gains will make no impact.
Thirdly, we compare our measure of cost of capital (i.e. shadow price of equity) with cost of capital for listed banks in Japan based on the CAPM model. In order to estimate this standard measure of cost of capital we use DataStream database for weekly prices for listed banks and NIKKEI 500 weekly price index to calculate returns; and Bank of Japan data for short term money market rate for risk free rate. Fig. 2 shows that our findings are fairly consistent with traditional cost of capital estimates. Both methods have the same time trend pattern and CAPM method yields somewhat lower estimates for cost of capital (i.e. 1-3% on average across observed period).
Conclusions
This paper presents new evidence on the shareholder value efficiency and determinants of shareholder value creation for the Japanese banking industry, using more robust and innovative methodologies. We base our analysis on the broad sample of both listed and non-listed Japanese banks between 1999 and 2011.
Firstly, we find that the sample mean of the shadow price of equity is between 2.8% and 6.1%, and that costs have increased significantly over the analysed period. We test for the differences in the listed versus non-listed banks, and find that cost of equity for non-listed banks is double the cost of listed banks. Our results for shadow price on equity are also very similar to the traditional cost of capital estimates (i.e. CAPM).
Secondly, our cost inefficiency estimates range between 3% and 5%, revenue efficiency estimates range between 90% (City banks) and 94% (Regional banks II), while profit efficiency scores over the sample period range between 80% for the full sample and 68% for city banks. We also find that Japanese banks squander more than one third of their potential shareholder value, and that this is true across different bank types.
Thirdly, cost efficiency, credit risk and bank size are found to be the most important factors in explaining the value creation in Japan, while income diversification, liquidity and market risk exposure seems to matter for shareholder value creation in the reduced models. Interestingly, our results indicate that the smaller banks appear to have a higher value creation. It is also found that the higher number of employees do not hinder value creation for Japanese banks. Further, our results for net operating profits show that they benefit greatly from the cost efficiency gains, higher level of liquid assets and greater involvement in the financial markets. Another interesting result is that the cost of equity capital could be reduced by improving the cost efficiency.
Different policy implications can emerge from the study. First, we show that the Japanese banks are on average around 40% shareholder value inefficient, and thus, government policies aimed at aiding the industry in order to foster higher improvements for these banks should be reassessed. Second, cost of equity for nonlisted banks is double the cost of the listed banks, signaling that continuous government subsidies for larger banks should be reconsidered and their impact extensively monitored in the years to come. Finally, future policies and studies should try to investigate the negative impact of profit efficiency improvements on the EVA models.
where TP is the logarithm of the net profits, or cost of production, y i (i = 1, 2, 3) are output quantities, w j (j = 1, 2, 3) are input prices, k i (i = 1, 2, . . ., 6) are bank specific factor influencing the efficiency estimation, ln E is the natural logarithm of total equity capital, Z i are firm-specific factors assuming different values for each firm, T is the time trend, u c are the cost inefficiency components. Symmetry and linear homogeneity restrictions are imposed standardizing shareholder value (EVA), total profits (TP), total costs (TC) and input prices P i by the last input price. Bank inputs and outputs are defined according to the valueadded approach, originally proposed by Berger and Humphrey (1992) . We posit that labor, capital and funds are inputs 14 , whereas we have three asset based outputs: loans (y 1 ), securities (y 2 ) and offbalance sheet activities (y 3 ); and we treat the level of equity capital as the critical quasi-fixed input. We also estimate the alternative profit and shareholder value efficiency measures introduced applied to banks by Berger and Mester (1997) , Humphrey and Pulley (1997) and Fiordelisi (2007) . The profit and shareholder value efficiencies are estimated by calculating the alternative profit functional model adopted for the cost efficiency 15 , by using as dependent variable:
1) the ln (TP) in the profit function, and 2) the ln (EVA) in the shareholder value function. 16 In order to account for heterogeneity in the sample firm-specific factors are assumed to have a direct influence on the production structure. As such, we include some control variables in the deterministic portion of the Stochastic Frontier function in Eq. (4), namely we account for presence of non-performing loans on the balance sheet (in line with the existing studies on Japan, like for example, Fukuyama and Weber (2008) or Barros et al. (2012) ). We posit that the presence of large volume of bad loans would inevitably lead to destruction of shareholder value and poor performance, and if omitted from the equation might lead to biased results.
17
We estimate shadow cost of equity capital by using a simplified version of the previous bank cost function by including only the level of equity as a fixed input but not including the additional factors into the deterministic portion of the cost function. Thus, we exclude M-firm-specific factors from the formula (4). We aim to capture only the changes in equity levels, for example during recapitalization process, in order to allow for a possible negative shadow price on equity during the various recovery phases in Japanese banking industry.
14 Input prices are obtained as general and administrative expenses over number of employees (w 1 ), non-interest expenses over tangible fixed assets (w 2 ) and interest expenses over total funds (w 3 ). 15 Following Berger and Mester (1997) findings and considering our research aims, the translog functional form is preferred to the Fourier-flexible since it is substantially equivalent on an economic viewpoint and both rank of individual efficiency banks in almost the same order. 16 Using a translog specification we have to solve the problem of sample banks with negative values of profit (for both profits and EVA), for which we cannot take the logarithm. Therefore, the constant term h = |p min | + 1 is added to every firm's dependent variable in the alternative profit function so that natural log is taken for a positive number (Berger and Mester, 1997) . Thus, for the firm with the lowest value for that year, the dependent variable will be ln (1) = 0. 17 For similar application of the translog functional form in banking industry please see Radić et al. (2012) .
